INTRODUCTION
Women in the industrialized world increasingly defer family building. 1, 2 As fecundity declines with age, 3 the ability to prospectively estimate remaining reproductive life span increases in importance. Prospectively determining a woman's risk of developing Diminished Functional Ovarian Reserve (DFOR), and thus reduced pregnancy chances during older age would thus be helpful.
Because the currently used ovarian reserve markers are mainly tailored to assessing present Functional Ovarian Reserve (FOR), 4 they may fail to predict a woman's ovarian aging curve at later stages of life. 5 Anti Mullerian hormone levels also have recently been suggested to be predictive of menopause. 6 AntiMullerian hormone levels have lately been suggested to be predictive of menopause. 6 Menopause, one stage in ovarian aging, convincingly reflects a woman's follicle pool. At that point, only a small number of follicles are left in ovaries, generally considered below 1000. 7, 8 Menopause appears to be genetically preprogrammed. Schuh Huerta et al. 9 demonstrated shared genetic loci for follicular pool size and menopausal age. He et al. 10 reached similar conclusions when noting that gene clusters of steroid hormone synthesis and metabolism were involved in premature ovarian failure and physiological age at menopause. Genetic control of menopause is also suggested by high correlations of menopausal age between mothers and daughters.
Comparable associations have also been reported for age at menarche. Twin studies suggest significant concordance of age at menarche Twin studies suggest significant concordance of age at menarche between monozygotic and dizygotic twins. 12 Generational studies, in turn, have suggested that ethnicity and mother's and grandmothers ages at menarche are highly predictive parameters for menarchal age (13) .
Though timing of menarche cannot be attributed to a single trigger, reactivation of gonadotropin-releasing hormone (GnRH) pulsatility has been assumed essential.
14 The hypothesis that GnRH is influenced by ovarian activity, and the observation that follicular recruitment peaks around menarche suggest a possible relationship between menarchal age and a woman's follicular pool.
14,15

METHODS
This study investigated 251 consecutive infertility patients who underwent fertility evaluations at Gayatri hospital in Allahabad city of Uttar Pradesh, India between January 2007 and June 2013.
All patients had a routine baseline evaluation; in addition to a detailed medical history, including age, Body Mass Index (BMI) age at menarche, and indication for fertility treatments, they also received a baseline laboratory evaluation of ovarian function parameters. The latter included measurement of day 2-3 follicle-stimulating hormone (FSH) and estradiol levels, and measurement of AMH on random cycle days. All relevant deidentified patient data were then entered into an electronic research database.
A diagnosis of DFOR was established, as previously reported, if a woman presented with an abnormally low age-specific antiMullerian hormone (AMH) level. These levels have been established as AMH levels below 25 th percentile at each 5-year age group, as previously reported in detail elsewhere.
To assess the impact of age at menarche on later ovarian function parameters, the age at menarche was categorized as early or late based on a median age at menarche at 13.0 years: early <13 years and late ≥13 years. The DOFR risk was then compared between women with early and late occurrence of menarche. Additionally, the study group was categorized into menarchal age quartiles to compare the DFOR risk between the lowest and the highest quartiles.
The data we obtained only involved retrospective review of medical records and deidentified research database. Patients at our centre signed an informed consent at initial consultation, which allows for such reviews if the patients' medical record remains confidential and her identity remains protected.
Statistical analysis
Non parametric tests -namely, the Mann-Whitney U test and chi-square tests -were performed to assess the potentially confounding factors of age-specific ovarian function like BMI. Logistic regression was then used to examine the impact of age at menarche on ovarian function, categorized as the presence or lack of DFOR. The baseline characteristics of patients with early and late menarche were compared using t-tests.
Continuous data are presented as mean ± standard deviation (SD). All tests were two-tailed and P <0.05 was considered statistically significant. In logistic regression models, alpha was set at 0.05 with regards to the individual contributors of predictor variables. Table 1 summarizes the patient characteristics. The mean age for investigated patients was 38.9 ± 4.9 years. 6 ; 95 % CI, 1.1, 2.5; P = 0.03). Women entering menarche at a later age (<75 th percentile) had similar odds of having DFOR as the women entering menarche in the interquartile range (OR 1.04; 95% CI, 0.6; P = 0.87).
RESULTS
DISCUSSION
Our results with infertile women have demonstrated a statistically significant association between menarcheal age and DFOR later in life. Women who experienced menarche at a younger age were more likely to suffer from abnormally age-specific DFOR. These results were confirmed when the study group was divided into quartiles, pointing toward a relationship between follicular depletion, even already at very young ages, and reproductive life span.
Though the recently described likely presence of ovarian stem cells raises questions about the current concepts of ovarian senescence, 18 a good number of studies in women with compromised follicle pools support a correlation between follicle pool size and reproductive lifespan. [19] [20] [21] [22] A retrospective analysis of risk factors for primary ovarian insufficiency/POF in 24152 Japanese women demonstrated statistically significant associations between later menarche and a reduced risk of early menopause and POF.
To solely attribute ovarian function to follicle pool size, however, may be limiting, although our findings on increased DFOR risk in women with earlier menarche as well as generation analyses and genomewide association studies may support such an assumption. The current literature, indeed, convincingly demonstrates that a woman's reproductive life span to a large extent is genetically predetermined. 9, 13 Hefler et al., 23 for instance, show a statistically significant association between various polymorphisms and age at menopause. In contrast, data by Otero et al. 24 lack correlations between age at menarche and age at menopause.
Our findings of a statistically significant association between age at menarche and subsequent DFOR risk later in life also suggest the question of whether such an association is attributable to ovarian follicle pool size, follicular depletion rate, or possibly a combination of both. Wallace and Kelsey, 8 for instance, elegantly present mathematical models that support the assumption that women with large follicle pools also demonstrate more extensive monthly follicle recruitment. They, however, also suggest a positive correlation between follicle pool size and menopausal age. 8 If, indeed, we assume an association among follicle pool size, follicular recruitment pace, age at menarche, and DFOR, we may also speculate that more extensive follicular recruitment leads to rapid follicular depletion and higher DFOR risk at middle ages-despite a large initial ovarian follicle reserve.
Some POF studies have further supported the assumption that recruitment pace may be essential for the risk of diminished ovarian function: if follicle pool sizes and depletion rates are genetically influenced, as considerable scientific evidence suggests, 9 higher POF rates after unilateral oophorectomy 20 likely reflect that depletion rates are programmed and not adjusted under conditions of non-physiologic changes in follicle pool size. Flemming et al. 15 go even further by demonstrating that follicular recruitment rates change in an age dependent fashion: in healthy girls, follicular recruitment peaks around menarche and declines thereafter throughout the reproductive years. Consequently, AMH should experience peak levels when menarche is reached. AMH levels, and fertility potential are highly correlated. 15 These findings support our data on the predictive capacity of age at menarche for subsequent DFOR risk during later life.
The retrospective design of our study has to be seen as a limitation, though prospective evaluation of this hypothesis would require long-term observations and would thus appear to be difficult to perform. Additionally, a small minority of women (4.6%) underwent fertility evaluation due to male factor infertility. Compared with the study participants with female factor related infertility, this subgroup of patients presented with a comparable mean age at menarche; when excluded from the analysis, the differences observed in DFOR risk remain unchanged. However, this may be a limitation of the present study.
Our results suggest that the odds of developing DFOR at a more advanced age are increased for women who had an early rather than a late age at menarche. Because this study was performed in infertile women, the data presented are only applicable to infertile women, but it appears likely that our outlined model of ovarian aging may be generally applicable.
